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DESCRIPTION 
ACOUSTOOPTIC FILTER 

Technical Field 

The present invention relates to an acoustooptic filter in which an 
interdigital electrode for exciting a surface wave is formed on an acoustooptic 
filter substrate having an optical waveguide formed thereat, and, more 
5 particularly, to an acoustooptic filter in which a mutual action area where light 
and a surface acoustic wave act upon each other is improved. 

Background Art 

In recent years, for example, the widespread use of the Internet and the 
10 sudden increase in the number of in-company LANs have caused a rapid increase 
in data traffic. Therefore, optical communication systems which can perform 
communications at high capacity have become i» widespread t*se, not only for 
data traffic, but also even for access traffic. In order to perform optical 
communications at high capacities, optical transmission is speeded up and 
15 optical wavelength division multiplexing is achieved. A light wavelength filter 
is available as an important component for realizing wavelength division 
multiplexing. 

The light wavelength filter filters light of a particular wavelength, and 
is an important component for performing optical wavelength division multiplex 
20 communication. 

A light wavelength filter shown in Fig. 12 is disclosed in "Low Drive- 
Power Integrated Acoustooptic Filter On X-cut Y-propagating LiNb03>" 
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IEEEPHOTONICS TECHNOLOGY LETTERS, Vol. 3, No. 10, 1991. In a light 
wavelength filter 101, an optical waveguide 103 in which Ti is diffused is 
formed at an X-cut Y-propagating LiNb03 substrate 102. In order to excite a 
surface acoustic wave, IDTs 104 and 105 are disposed on the LiNbOs substrate 
5 102. In order to form a surface acoustic wave waveguide, walls 106 and 107 in 
which Ti is diffused are disposed, one on each side of a surface acoustic wave 
propagation area. Here, a light wavelength filter having a narrow band at low 
electrical power is formed by forming the walls 106 and 107. 

A light wavelength filter shown in Fig. 13 is disclosed in "LiNbOs 

10 Tunable Wavelength Filter Using Acoustooptic Effect" (Year 200 

Commemoration of Advanced Technology Symposium, "Piezoelectric Materials 
and Acoustic Wave Devices," February, 2000). In a light wavelength filter 111, 
an optical waveguide 113 in which Ti is diffused is formed at an X-cut Y- 
propagating LiNb03 substrate 112. In addition, an IDT 114 is provided for 

15 exciting a surface wave. Further, in order to form a surface-wave waveguide, a 
film-addition-type guide 115 is formed. Accordingly, a light wavelength filter 
capable of being integrated and having a narrow band is realized. 

A light wavelength filter shown in Fig. 14 is disclosed in Japanese 
Unexamined Patent Application Publication No. 11-84331. In a light wavelength 

20 filter 121, an optical waveguide 123 and an IDT 124 are formed at a substrate 
122. By changing the birefringence of the optical waveguide 123 in a mutual 
action area where a surface wave excited at the IDT 124 and light guided to the 
optical waveguide 123 act upon each other, a birefringence distribution 
generated in the light wavelength filter 121 is compensated, thereby making it 

25 possible to restrict an increase in a side lobe in a frequency characteristic. 
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In an acoustooptic filter like a light wavelength filter, an interval 
between light wavelengths that are multiplexed and the number of multiplexing 
operations vary depending upon optical communication systems. There is a 
strong demand for reducing costs of, in particular, an access-type optical 
5 communications system. Accordingly, in recent years, standards of, for example, 
CWDM (Coarse WDM) have been proposed. CWDM is for realizing a low-cost 
system by increasing the interval between wavelengths that are multiplexed. 
Therefore, in CWDM, there is a strong demand that the light wavelength filter 
have a flat characteristic over a broad band. 

10 The light wavelength filters disclosed in the aforementioned "Low 

Drive-Power Integrated Acoustooptic Filter On X-cut Y-propagating LiNbOs," 
IEEEPHOTONICS TECHNOLOGY LETTERS, Vol. 3, No. 10, 1991, and the 
aforementioned f, LiNb0 3 Tunable Wavelength Filter Using Acoustooptic Effect" 
(Year 200 Commemoration of Advanced Technology Symposium, "Piezoelectric 

15 Materials and Acoustic Wave Devices," February, 2000) both have narrow-band 
filter characteristics. Therefore, the light wavelength filters disclosed in the 
aforementioned "Low Drive-Power Integrated Acoustooptic Filter On X-cut Y- 
propagating LiNb0 3 ," IEEEPHOTONICS TECHNOLOGY LETTERS, Vol. 3, No. 
10, 1991, and the aforementioned "LiNb0 3 Tunable Wavelength Filter Using 

20 Acoustooptic Effect" (Year 200 Commemoration of Advanced Technology 

Symposium, "Piezoelectric Materials and Acoustic Wave Devices," February, 
2000) are not filters having flat wavelength transmission characteristics over a 
broad band, as a result of which, they are not filters that are required in, for 
example, CWDM. 
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In the light wavelength filter disclosed in the aforementioned Japanese 
Unexamined Patent Application Publication No. 11-84331, a phase match 
condition in the mutual action area is made constant by compensating the 
birefringence distribution existing in the light wavelength filter as a result of 
5 changing the birefringence of the optical waveguide. 

However, in order to achieve a broad-band wavelength transmission 
characteristic in this light wavelength filter, the mutual action area length must 
be short. 

More specifically, a wavelength transmission characteristic (indicated 

10 by a solid line X in Fig. 15) when a phase condition in the mutual action area is 
constant becomes a characteristic indicated by a broken line L shown in Fig. 15 
when the band of this filter is widened by a factor of 10. 

Figs. 16 and 17 show changes in the filter band with respect to the 
mutual action area length and changes in a required input electrical power with 

15 respect to the mutual action area length, respectively. Here, the mutual action 
area length, the input electrical power, and the transmission band are 
standardized as 1 when the characteristic shown by the solid line X in Fig. 15 is 
set. As is clear from Figs. 16 and 17, when the band of the light wavelength 
filter is widened by a factor of 10, the mutual action area length is reduced to 

20 1/10 of the length before widening the band, and the required input electrical 
power is increased by a factor of 100. 

Therefore, the light wavelength filter of the related art disclosed in 
Japanese Unexamined Patent Application Publication No. 11-84331 cannot 
provide a flat wavelength transmission characteristic over a broad band and at 

25 low electrical power. 
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Disclosure of Invention 

An object of the present invention is to provide an acoustooptic filter 
which can provide a flat wavelength transmission characteristic over a broad 
band and at low electrical power by overcoming the problems of the 
5 aforementioned related art. 

The present invention provides an acoustooptic filter comprising an 
acoustooptic substrate having an optical waveguide disposed at a principal 
surface, an interdigital electrode disposed on the acoustooptic substrate and 
exciting a surface acoustic wave for converting a mode of light guided in the 
10 optical waveguide, with a surface wave waveguide for the surface wave excited 
by the interdigital electrode extending in substantially the same direction as the 
optical waveguide and the mode of the light guided to the optical waveguide 
being converted by the surface acoustic wave, and phase match condition 
changing means for changing a phase match condition at a mutual action area by 
15 0.235% or more from a state in which phases are matched, the mutual action area 
being an area where the surface acoustic wave and the light guided to the optical 
waveguide act upon each other. 

In a particular aspect of the acoustooptic filter according to the present 
invention, the phase match condition changing means is means for changing the 
20 phase speed of the surface acoustic wave at the mutual action area. 

In another particular aspect of the acoustooptic filter according to the 
present invention, the phase match condition changing means is means for 
changing the phase speed of the surface acoustic wave at the surface wave 
waveguide. 
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In yet another particular aspect of the acoustooptic filter according to 
the present invention, the means for changing the phase speed of the surface 
acoustic wave at the surface wave waveguide is a thin-film ridge disposed at the 
surface wave waveguide. 
5 In yet another particular aspect of the acoustooptic filter according to 

the present invention, the thickness of the thin-film ridge changes along the 
surface wave waveguide, so that the phase speed of the surface acoustic wave is 
changed at the surface wave waveguide. 

In yet another particular aspect of the acoustooptic filter according to 
10 the present invention, the means for changing the phase speed of the surface 
wave at the surface wave waveguide has a structure in which the width of the 
surface wave waveguide changes in the direction of extension of the surface 
wave waveguide. 

In yet another particular aspect of the acoustooptic filter according to 
15 the present invention, a pair of wall surfaces for reflecting the surface wave are 
disposed, one at each side of the surface wave waveguide, and the phase speed at 
the surface wave waveguide is changed by the pair of wall surfaces. 

In yet another particular aspect of the acoustooptic filter according to 
the present invention, structures of wall members having the respective wall 
20 surfaces change along the surface wave waveguide, so that the phase speed of 
the surface acoustic wave is changed. 

In yet another particular aspect of the acoustooptic filter according to 
the present invention, the distance between the pair of wall surfaces changes, so 
that the width of the surface wave waveguide changes. 
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In yet another particular aspect of the acoustooptic filter according to 
the present invention, the phase match condition changing means is a phase 
speed control film for changing the phase speed of the surface acoustic wave at 
the mutual action area. 
5 In yet another particular aspect of the acoustooptic filter according to 

the present invention, the thickness of the phase speed control film is selected so 
that the phase match condition changes by 0.235% or more. 

In yet another particular aspect of the acoustooptic filter according to 
the present invention, the phase match condition changing means is means for 
10 changing a propagation coefficient of the surface acoustic wave or an effective 
refractive index of the light at the mutual action area. 

In yet another particular aspect of the acoustooptic filter according to 
the present invention, the means for changing a propagation coefficient of the 
surface acoustic wave or an effective refractive index of the light is means for 
15 setting a temperature distribution of the mutual action area. 

In yet another particular aspect of the acoustooptic filter according to 
the present invention, the temperature distribution setting means is a heating 
element disposed on the acoustooptic substrate. 

In yet another particular aspect of the acoustooptic filter according to 
20 the present invention, the heating element is a heater. 

In yet another particular aspect of the acoustooptic filter according to 
the present invention, the interdigital electrode is the heating element. 

In yet another particular aspect of the acoustooptic filter according to 
the present invention, the temperature distribution setting means is formed of a 
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thin film disposed on the surface wave waveguide, and the thickness of the thin 
film partly differs so as to possess the temperature distribution. 

In yet another particular aspect of the acoustooptic filter according to 
the present invention, the means for changing a propagation coefficient of the 
5 surface wave or an effective refractive index of the light at the mutual action 
area is disposed at the optical waveguide. 

In yet another particular aspect of the acoustooptic filter according to 
the present invention, the means for changing a propagation coefficient or an 
effective refractive index of the light is the optical waveguide having a width 
10 which is set so as to change the phase match condition by 0.235% or more. 

In yet another particular aspect of the acoustooptic filter according to 
the present invention, the means for changing a propagation coefficient or an 
effective refractive index of the light, which is disposed at the optical 
waveguide, is formed of metal diffused at the optical waveguide. 

15 

Brief Description of the Drawings 

Fig. 1(a) is an external perspective view of an acoustooptic filter 
according a first embodiment of the present invention, and Fig. 1(b) is a 
sectional view taken along line A- A shown in Fig. 1(a). 
20 Fig. 2 is a graph showing the relationship between a standardized band 

and a standardized input electric power, with a solid line indicating a case in 
which a phase match condition changes and a broken line indicating a case in 
which the phase match condition is constant. 
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Fig. 3 is a graph showing characteristics of the acoustooptic filter 
when the phase match condition is changed by 0.7% and when the phase match 
condition is changed by 1.1%. 

Fig. 4(a) is a graph showing the relationship between the standardized 
5 band and the amount of change in the phase match condition when the phase 

match condition is changed in the present invention, and Fig. 4(b) is an enlarged 
view of the main portion of Fig. 4(a). 

Fig. 5 is a perspective view of an acoustooptic filter of a modification 
of the first embodiment. 
10 Fig. 6 is a perspective view of an acoustooptic filter according to a 

second embodiment. 

Fig. 7 is a perspective view of an acoustooptic filter of a modification 
of the second embodiment. 

Fig. 8 is a perspective view of an acoustooptic filter according to a 
15 third embodiment. 

Fig. 9 is a graph illustrating states in which temperature gradients are 
set in a mutual action area in an acoustooptic filter according to a fourth 
embodiment. 

Fig. 10 is a perspective view of an acoustooptic filter according to a 
20 fifth embodiment. 

Fig. 11 is a perspective view of an acoustooptic filter according to a 
sixth embodiment. 

Fig. 12 is a schematic plan view of an example of a related light 
wavelength filter. 
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Fig. 13 is a schematic plan view of another example of a related light 
wavelength filter. 

Fig. 14 is a schematic plan view of yet another example of a related 
light wavelength filter. 
5 Fig. 15 is a graph illustrating a transmission characteristic in an 

acoustooptic filter. 

Fig. 16 is a graph showing the relationship between a standardized 
mutual action area length and a standardized band in the acoustooptic filter. 

Fig. 17 is a graph showing the relationship between the standardized 
10 mutual action area length and an input electrical power in the acoustooptic filter. 

Best Mode for Carrying Out the Invention 

The present invention will hereunder be described by describing 
embodiments of the present invention with reference to the drawings. 

15 Fig. 1(a) is a perspective view of an acoustooptic filter according a 

first embodiment of the present invention, and Fig. 1(b) is a schematic sectional 
view taken along line A-A shown in Fig. 1(a). An acoustooptic filter 1 has an X- 
cut Y-propagating LiNbC>3 piezoelectric substrate 2. 

An optical waveguide 3 is formed in a widthwise-direction central 

20 portion of an upper surface 2a of the piezoelectric substrate 1 so as to extend 

longitudinally. The optical waveguide 3 is formed by thermally diffusing Ti. In 
the embodiment, the optical waveguide 3 is formed in an area having a width of 
90 nm at the central portion of the upper surface 2a of the piezoelectric substrate 
2 by thermally diffusing Ti for 8 hours at a temperature of 1040°C. The optical 

25 waveguide 3 is formed over the entire longitudinal-direction length at the upper 
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surface 2a of the piezoelectric substrate 2. The length of the piezoelectric 
substrate 2 is 60 mm, and its width is 5 mm. 

An interdigital electrode IDT 4 for exciting a surface acoustic wave is 
formed on the upper surface of the piezoelectric substrate 2. The IDT 4 is 
5 formed so that the wavelength is 20 (am, the electrode finger crossing width is 60 
(am, and the center frequency is from 170 to 180 MHz. 

A thin-film ridge 5 is formed in a mutual action area of the 
piezoelectric substrate 2. The mutual action area is an area where light guided to 
the optical waveguide 3 and a surface wave act upon each other. In the 

10 embodiment, this area extends from where the IDT 4 is disposed to an end face 
2b of the piezoelectric substrate 2. The thin-film ridge 5 is formed by sputtering 
ZnO. The thin-film ridge 5 has a length of 30 mm and a width of 50 |im. As is 
clear from Fig. 1, the film thickness increases with increasing distance from an 
end 5a adjacent to the IDT 4. More specifically, the film thickness of the thin- 

15 film ridge 5 is 0.4 \xm at the end 5a adjacent to the IDT 4 and is 1.0 jam at an 
opposite end 5b. 

An absorbent 6 is disposed outwardly of the IDT 4. Another absorbent 
7 is disposed at an outer end portion of the mutual action area. The absorbents 6 
and 7 are formed of silicone rubber. Alternatively, the absorbents 6 and 7 may 
20 be formed of, for example, polyimide or epoxy. 

A characteristic of the acoustooptic filter 1 according to the 
embodiment is that the film thickness of the thin-film ridge 5 changes from the 
end 5a to the end 5b, so that a mutual match condition in the mutual action area 
changes by approximately 1% from a state in which phases are matched. 
25 Therefore, a light transmission band is widened by a factor of approximately 30 
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without reducing the length of the mutual action area. This will be explained 
with reference to Figs. 2 to 4. 

The acoustooptic filter is a device which performs conversion between 
a light TE mode and a light TM mode. When the wavelength of light is X, the 
5 propagation coefficients of the TE mode and the TM mode are pa and pb, the 
effective refractive indices are Na and Nb, and the phase speed of a surface 
acoustic wave is X, the phase match condition is represented by the following 
Formula (1): 

|f.-*b|= ^f- I N.-Nb | = -^f- • • • (D 

10 Here, when the phase match condition is constant in the mutual action 

area, the width of the light transmission band is determined by the mutual action 
area length. Changing the phase match condition within the mutual action area 
length makes it possible to widen the light transmission band regardless of the 
mutual action area length. Therefore, it can be understood that the mutual action 

15 area can be long, and that the light transmission band can be wide at low 
electrical power. 

Examples of means for changing such a phase match condition include 
means for changing the phase speed of a surface acoustic wave in the mutual 
action area and means for changing the propagation coefficient of the surface 
20 acoustic wave or the effective refractive index of light. 

In the embodiment shown in Fig. 1, at the mutual action area, the phase 
speed of the surface acoustic wave is changed by the thin-film ridge 5, so that 
the phase match condition changes by approximately 1%. 
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Fig. 2 is a graph showing the relationship between a standardized 
transmission band and a standardized input electric power. The broken line in 
Fig. 2 indicates a case in which the phase match condition is constant, while the 
solid line in Fig. 2 indicates a case in which the phase match condition changes. 
5 When the phase match condition is constant, the bandwidth changes on the basis 
of the mutual action area length. 

More specifically, in order to increase the bandwidth by a factor of 10 
when the phase match condition is constant, the mutual action area length must 
be reduced to 1/10 of the length before increasing the bandwidth. In this case, 
10 the input electrical power is increased by a factor of 100 as shown in Fig. 2. In 
contrast, in the case in which the phase match condition changes, when the 
bandwidth is increased by a factor of 10 and the mutual action area length 
remains unchanged, the input electrical power is increased by a factor of 10 
(refer to Fig. 2). 

15 In other words, when the phase match condition changes and the 

bandwidth is increased by a factor of 10, the required input electrical power is 
reduced to 1/10 of the required input electrical power of the case in which the 
phase match condition is constant. Even in the case in which the bandwidth is 
increased by a factor of 2, the required electrical power of the structure in which 

20 the phase match condition changes is half of that of the structure in which the 
phase match condition is constant. 

Even if the bandwidth is increased as mentioned above, the larger the 
bandwidth, the larger is the effect of reducing the input electrical power. In 
addition, increasing the mutual action area length can further reduce the input 

25 electrical power. 
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Fig. 3 is a graph showing characteristics of the acoustooptic filter 
according to the present invention when the phase match condition is changed by 
0.7% and by 1.1% and the band is widened by a factor of 10 in comparison with 
the transmission band characteristics shown in Fig. 15. As shown in Fig. 3, 
5 changing the phase match condition by 0.7% can widen the band shown by the 
solid line in Fig. 15 by a factor of 10, and changing the phase match condition 
by 1.1% can widen the band by a factor of 35. 

The change in the standardized band with respect to the amount of 
change in the phase match condition is shown in Figs. 4(a) and 4(b). As is clear 
10 from Fig. 4(a) and Fig. 4(b), which is an enlarged view of Fig. 4(a), when the 

amount of change in the phase match condition becomes equal to or greater than 

0. 235%, the bandwidth can be effectively increased. Therefore, in the present 
invention, means for changing the phase match condition by 0.235% or more 
from a state in which phases are matched is provided, so that the acoustooptic 

15 filter has a broad-band optical wavelength characteristic. 

In the acoustooptic filter 1 according to the embodiment shown in Fig. 

1, as mentioned above, the thin-film ridge 5 is formed along the longitudinal 
direction of the mutual action area, and has a film thickness which changes from 
0.4 to 1.0 (am, thereby changing the phase speed of the surface wave at the 

20 mutual action area by 1%. Therefore, the phase match condition changes by 

nearly 1%, so that a broad-band light transmission characteristic is achieved. In 
addition, it can be understood that, since it is not necessary to make the mutual 
action area short, a broad-band light transmission characteristic can be achieved 
at low electrical power. 

DOCSNY175124.1 



-15- 



M1071.1951 



In the acoustooptic filter 1, the phase match condition is changed by 
increasing the thickness of the thin-film ridge 5 from the end 5a towards the end 
5b. However, as shown in Fig. 5, the width of a thin-film ridge 15 may be 
increased from an end 15a towards an end 15b. In this modification shown in 
5 Fig. 5, the thin-film ridge 15 has a length of 30 mm and a film thickness of 1.5 
jam. The width at the end 15a is 20 \im, and the width at the end 15b is 40 jam. 
The other structural features of an acoustooptic filter 11 are the same as those of 
the acoustooptic filter 1. 

Even in the acoustooptic filter 11, the width of the thin-film ridge 15 
10 changes as mentioned above in a longitudinal direction of a mutual action area, 
so that the phase speed of a surface acoustic wave changes by nearly 1%. As a 
result, similarly to the acoustooptic filter 1 according to the first embodiment, a 
broad-band light transmission characteristic can be achieved at low electrical 
power. 

15 The film thickness and the width of the thin-film ridge may both 

change along the longitudinal direction of the mutual action area by combining 

the first embodiment and the modification. 

Fig. 6 is a perspective view of an acoustooptic filter according to a 

second embodiment of the present invention. In an acoustooptic filter 21 
20 according to the second embodiment, instead of the thin-film ridge 5 shown in 

Fig. 1, wall members 22 and 23 having respective wall surfaces 22a and 23a for 

reflecting a surface acoustic wave are disposed on a piezoelectric substrate 2. 

The other structural features of the acoustooptic filter 21 are the same as those 

of the acoustooptic filter 1. 
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The wall surface 22a of the wall member 22 and the wall surface 23a of 
the wall member 23 extend parallel with each other and in a longitudinal 
direction of a mutual action area. The wall members 22 and 23 are formed of a 
material transmitting sound at a higher speed than LiNbC>3 forming the 
5 piezoelectric substrate 2. In the embodiment, they are formed of AIN. Diffusing 
Ti in LiNbC>3 produces a similar effect. 

The lengths of the wall surfaces 22a and 23a of the respective wall 
members 22 and 23 are 30 mm. The wall members 22 and 23 have film 
thicknesses that increase from respective ends 22b and 23b adjacent an IDT 4 

10 towards respective opposite ends 22c and 23c. In other words, the heights of the 
wall surfaces 22a and 23a change so that they are 0.2 jim at the respective ends 
22b and 23b and are 0.6 jim at the respective ends 22c and 23c. 

In the acoustooptic filter 21 according to the second embodiment, the 
pair of wall surfaces 22a and 23a for reflecting a surface wave are provided, 

15 thereby forming a surface wave waveguide for a surface acoustic wave excited at 
the IDT 4. Since the lengths of the pair of wall surfaces 22a and 23a change in 
the longitudinal direction of the mutual action area, the phase speed of the 
surface wave changes at the surface wave waveguide. Therefore, the 
aforementioned phase match condition changes by approximately 1%. 

20 Consequently, similarly to the acoustooptic filter 1 according to the 

first embodiment, since the phase match condition is changed by the wall 
members 22 and 23, it is possible to a achieve a broader light transmission band 
characteristic without reducing the mutual action area length. 

Although, in the second embodiment, the heights of the wall surfaces 

25 22a and 23a change along the longitudinal direction of the mutual action area, 
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the distance between wall surfaces 32a and 33a of respective wall members 32 
and 33 may change in a longitudinal direction of a mutual action area as in an 
acoustooptic filter 31 in a modification shown in Fig. 7. In Fig. 7, the distance 
between the wall surface 32a and the wall surface 33a decreases from respective 
5 ends 32b and 33b adjacent to an IDT 4 towards respective opposite ends 32c and 
33c. More specifically, the distance between the wall surfaces 32a and 33a is 
480 fim at the ends 32b and 33b and is 120 jam at the ends 33c and 32c. Even in 
this case, as in the acoustooptic filter 21, the phase match condition changes by 
approximately 1%. Therefore, it is similarly possible to achieve a broad light 

10 transmission band characteristic at low electrical power. 

The structure of the acoustooptic filter 21 according to the second 
embodiment and the structure of the acoustooptic filter 31 of the modification 
may be combined. More specifically, the heights of the pair of wall surfaces for 
propagating a surface wave at the surface acoustic wave waveguide and the 

15 distance between the pair of wall surfaces may both change in a longitudinal 
direction of the mutual action area. 

Fig. 8 is a perspective view of an acoustooptic filter according to a 
third embodiment. 

An acoustooptic filter 41 has the same structure as the acoustooptic 

20 filter 1 except that, instead of the thin-film ridge 5, a phase speed control film 
42 is provided on a piezoelectric substrate 2. Here, the phase speed control film 
42 is formed by sputtering ZnO, and has a length of 30 nm in a longitudinal 
direction of a mutual action area and has a width equal to the overall width of 
the piezoelectric substrate 2. 
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The phase speed control film 42 becomes thicker from an end 42a 
adjacent to an IDT 4 to an opposite end 42b. More specifically, the thickness at 
the end 42a is 0.4 jim, and the thickness at the end 42b is 1.0 jam. 

In the acoustooptic filter 41, the phase speed control film 42 causes the 
5 phase speed of a surface acoustic wave to change as in the acoustooptic filter 1, 
so that the phase match condition changes by approximately 1%. 

In the present invention, it is possible to change the aforementioned 
phase match condition by 0.235% or more from the state in which phases are 
matched by providing a temperature distribution to the mutual action area. In 
10 other words, means for providing a temperature distribution to the mutual action 
area may be used as the means for changing the phase match condition. A fourth 
embodiment based on such a principle will be described. 

As with the thin-film ridge 5 of the acoustooptic filter 1 shown in Fig. 
1, a ZnO film is formed on a piezoelectric substrate 2 by sputtering ZnO. In this 
15 case, as with the thin-film ridge 5 shown in Fig. 1, the thickness of the ZnO 

changes in a longitudinal direction of a mutual action area. Changing an input 
electrical power applied to an IDT 4 makes it possible to set a temperature 
gradient in the longitudinal direction of the mutual action area. Fig. 9 is a graph 
showing temperature distributions of the mutual action area when the thickness 
20 of the ZnO film is constant at 2 (im and the input electrical power is 50 mW, 
when the thickness of the ZnO film is constant at 2 jam and the input electrical 
power is 100 mW, and when the thickness of the ZnO film is constant at 5 jim 
and the input electrical power is 100 mW, respectively. 

As is clear from Fig. 9, it can be understood that a temperature 
25 gradient is set over the longitudinal direction of the mutual action area by 
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selecting the thickness of the ZnO film and the input electrical power. By 
setting such a temperature gradient, the propagation coefficient of a surface 
acoustic wave or the effective refractive index of light are changed in the 
longitudinal direction of the mutual action area, so that the phase match 
5 condition is changed. 

Therefore, the temperature gradient is set so that the phase match 
condition changes by 0.235% or more from the state in which phases are 
matched. Therefore, it can be understood that, like the acoustooptic filter 1 
according to the first embodiment, the acoustooptic filter according to the fourth 
10 embodiment provides a broad light transmission characteristic without reducing 
the length of the mutual action area. 

Although, in the embodiment, the ZnO film is provided, it does not 
need to be provided, in which case only a heating element of the IDT 4 may be 
changed by controlling the input electrical power. Alternatively, a temperature 
15 gradient may be set by changing the thickness of the ZnO film in the 

longitudinal direction of the mutual action area like the thin-film ridge 5. 

As in an acoustooptic filter 51 of a modification shown in Fig. 10, 
heaters 52 and 53 may be disposed on an upper surface 2a of a piezoelectric 
substrate 2. By disposing the heaters 52 and 53 near a mutual action area, it is 
20 possible to set a temperature gradient in a longitudinal direction of the mutual 
action area. 

Fig. 11 is a perspective view of an acoustooptic filter according to a 
fifth embodiment of the present invention. In an acoustooptic filter 61, an 
optical waveguide 63 is provided in an upper surface 2a of a piezoelectric 
25 substrate 2. Here, the width of the optical waveguide 63 changes in a 
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longitudinal direction of a mutual action area. More specifically, the optical 
waveguide 63, which is formed by thermally diffusing Ti, has a width of 6 |4,m at 
a side where an IDT 4 is disposed and a width of 8 jam at an outer end of the 
mutual action area, that is, at an end 63a of the optical waveguide 63. 
5 In the acoustooptic filter 61, although a ZnO film 64 is provided at the 

mutual action area to change the phase speed of a surface wave, the ZnO film 64 
does not necessarily have to be provided. 

In the acoustooptic filter 61, the width of the optical waveguide 63 
changes as mentioned above in the longitudinal direction of the mutual action 

10 area, so that the phase match condition changes from the state in which phases 
are matched. Therefore, by changing the width of the optical waveguide 63 so 
that the phase match condition changes by 0.235% or more from the state in 
which the phases are matched, the acoustooptic filter 61 can provide a broad 
light transmission characteristic without reducing the length of the mutual action 

15 area like the acoustooptic filter 1 according to the first embodiment. 

Although, in the acoustooptic filter 61, the width of the optical 
waveguide 63 changes in the longitudinal direction of the mutual action area, the 
depth of the optical waveguide 63 may change. In other words, it is possible to 
change the phase match condition by changing the width of a Ti diffusion area in 

20 the longitudinal direction of the mutual action area when diffusing Ti with 

respect to the upper surface 2a of the piezoelectric substrate 2. For example, 
when the depth of the area in which Ti is diffused, that is, the thickness of the 
optical waveguide 63 changes in the range of from 80 to 100 nm, it is possible 
to, as with the acoustooptic filter 61, change the phase match condition by 

25 0.235% or more. 
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The acoustooptic substrate used in the present invention may be a cut 
angle LiNbC>3 substrate or other types of piezoelectric substrates instead of an X- 
cut Y-propagating LiNbC>3 substrate. 

Industrial Applicability 

As described above, the acoustooptic filter according to the present 
invention comprises phase match condition changing means for changing a phase 
match condition at the mutual action area by 0.235% or more from the state in 
which phases are matched, the mutual action area being an area where light 
guided to the optical waveguide and a surface acoustic wave act upon each other. 
Therefore, it is possible to provide a broad light transmission characteristic 
without reducing the length of the mutual action area. Consequently, it is 
possible to provide a broad transmission characteristic at low electrical power. 

When the phase match condition changing means is means for changing 
the phase speed of the surface acoustic wave at the mutual action area, a 
structure for changing the phase speed of the surface acoustic wave only needs to 
be provided at the mutual action area to make it possible to provide a broad-band 
light transmission characteristic in accordance with the present invention. 

For example, when the means for changing the phase speed of a surface 
acoustic wave or a thin-film ridge is provided at the surface wave waveguide, it 
is possible to easily change the phase speed of the surface wave. In addition, by 
changing the thickness of the thin-film ridge along the surface wave waveguide, 
it is possible to easily change the phase speed of the surface acoustic wave at the 
surface wave waveguide. 
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Alternatively, it is possible to easily change the phase speed of the 
surface wave by changing the width itself of the surface wave waveguide in the 
direction of extension of the surface wave waveguide. 

Further, it is possible to change the phase speed at the surface wave 
5 waveguide by making use of a pair of wall surfaces for reflecting the surface 
wave, the pair of wall surfaces being disposed, one at each side of the surface 
wave waveguide. For example, the structures of the wall members having the 
respective wall surfaces may change along the surface wave waveguide. 
Alternatively, it is possible to change the width of the surface wave waveguide 
10 by changing the distance between the pair of wall surfaces. 

In the present invention, the phase match condition changing means 
may be a phase speed control film for changing the phase speed of the surface 
acoustic wave at the mutual action area. In this case, the thickness of the phase 
speed control film is set so that the phase match condition changes by 0.235% or 
15 more. 

In the present invention, the phase match condition changing means 
may be means for changing the propagation coefficient or an effective refractive 
index of light at the mutual action area. An example of such means is 
temperature distribution setting means for setting a temperature gradient at the 

20 mutual action area. Therefore, for example, a heating element or a heater may 
be provided on the acoustooptic substrate, or an interdigital electrode may be 
used as a heating element by controlling the input electrical power of the 
interdigital electrode itself. The temperature distribution setting means may be 
formed by using a thin film that is provided on the surface wave waveguide, in 

25 which case the thickness of the thin film may partly differ so as to possess the 
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temperature distribution. This makes it possible to easily set the temperature 
distribution at the mutual action area, so that it is possible to achieve a broad 
light transmission characteristic at low electrical power by changing the phase 
match condition in accordance with the present invention. 
5 In the present invention, the means for changing the propagation 

coefficient of the surface wave or the effective refractive index of light at the 
mutual action area may be provided by the optical waveguide itself. For 
example, the width of the optical waveguide may change in the longitudinal 
direction of the mutual action area so that the phase match condition changes by 

10 0.235% or more, or the depth of the metal diffusion area in which metal is 
diffused for forming the optical waveguide, that is, the depth of the optical 
waveguide may change in the longitudinal direction of the mutual action area, so 
that the phase match condition changing means is formed. Therefore, it is 
possible to easily provide an acoustooptic filter having a broad light 

15 transmission characteristic at low electrical power by only controlling the 
method of diffusing the metal. 
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